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(54) Allocation of signalling and traffic slots in TDM communication system 

(57) A Time division Multiplexed communications system 
has a frame divided into traffic and signalling information. 
The slot allocated to a communications unit in the 
signalling frame is independent from the respective slot 
allocated in the traffic frame. The system is also capable of 
switching between trunked slow associated control 
channel (TSACCH) and normal slow associated control 
channel (SACCH) depending upon whether the amount of 
signalling messages to be sent exceeds the capacity of a 
particular slot. 
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At least one drawing originally filed was informal and the print reproduced here is taken from a later filed formal copy. 
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2301 749 

COMMUNICATIONS SYSTEM AND METHOD OF OPERATION 

Field of thf> Inventing 

10 Background of th* Tr,„ Q »^ nn 

access (TDMA) schemes. djV1S1 ° n muIti P Ie 

0 warn „ divided into time multi-frames, each time multi-fiZ^ 

3 (TETRM "I" 6 radi ° SyStemS SUCh 85 the ^ TruzJced Radio 

(TETRA) system associated signalling, <e.g. short data service (SDS) 

signal fr ^; ^S^*^ ^ *" ~° d " tad 

frame ZZT, ! ' aSS ° <Mt<!d SigM " ing frame is *"°-ted to 

inZnl n ^ &ame TDMA StrUCture an " ^adcast network 

, , information is sent on the broadcast network channel (BNCH, and h 7 . 

synchronisation formation is sent on the broadcast svn^ t t 
fBSriT> Q,™ ii- oroaacast synchronisation channel 

: W&CH). Signalling messages transmitted on the associated ^.ir a. 

bub slots of the uplmk signalling frame, i.e. signalling messages from „ 
mobhe radio unit to a base radio unit, are usuaHy reserved "r 

messages in its .located s.ot ,n ttll^ ^ml ^ ^ 
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A problem occurs in a busy system whereby the associated signalling, 
/to and from subscribers involved in a specific call, is too great to be sent or 
' received on the one slot allocated for that call. In this situation, signalling 
messages, sent to and from subscribers involved in a call, are delayed by as 
\ much as a number of seconds until there is an opportunity for transmission. 
\ This is especifically true when a priority monitor function is implemented in 
v a system. 

Thus, it is desirable to have an improved method for transmitting 
signalling information to communications units whilst the communications 
j units are involved in a call. It would also be beneficial to have an improved 
/ I traffic and signalling frame structure for a time division multiplexed 
I ^ communications system. 



Summary of the Invention 
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- / In a first aspect of the present invention, a time division multiplexed 

S&C^ communications system is provided. The communications system comprises 
^ time frames divided into traffic frames and signalling frames, and has a 

communications unit which is allocated a respective slot in a traffic frame, 
20 and is allocated a slot in a signalling frame independent of the respective slot ^ 
\ allocated in the traffic frame. 

Preferably the time division multiplexed communications system 
further comprises a system controller where the functional operation of the 
signalling frame is controlled by the system controller and is dependent upon 

2 5 the level of communication activity measured on the signalling frame. 

In this manner, the allocation of signalling resource in the time 
division multiplexed communications system is controlled according to the 
needs of communications units and the level of communication activity on the 
signalling frame. 

3 o Preferably the signalling frame of the time division multiplexed 

communications system is arranged for operation in at least two modes. In a 
first mode of operation the slots of the signalling frame are assigned to those 
communications units to which corresponding slots of traffic frames are 
assigned. In a second mode of operation the slots of the signalling frame are 
3 5 assigned to those communications units independent of the corresponding 
slots of assigned traffic frames. One slot of the signalling frame is reserved 
for broadcast message services and at least one bit of the broadcast message 
slot signifies the operational mode of the signalling frame. 
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In this manner, the operation of the sienall W fi- Q ™ u , 

at least between . norma! signalling mode S^^^^ 
where the signalhng resource is pri JZt,lZ^ 
Advantageously, the communications units are informed of the fi T f ' 

dmsion multiplexed communications system having H^lL 
10 unit communicating frame divided traffic and ^lLt7 f 

Plurality of second communications unit Se ZT^ZT^T ^ 3 
locating a respective slot in a traffic frame L^^^T? f 
communications unit to a second communications urnt Ts," i^Ts 1^ 
frame „ allocated for signalling transmissions independent of £ * 
5 slot allocated in the traffic frame for transmissions", 1£ 
commumcations unit to a second communications unit 

In this manner, the signalling resource is allocated according to the 
signalling needs of the communications system and ♦ * CCOrcbn e to the 
the allocation of the traffic resource C ° nS ' Stent 

20 



, Prefera ^thesi^^ 

cnvxded mto slots and the functional operation of the ^nu^ 9 haa at 
<. / least two modes: a first mode of operation where the sloTs of the « n t 
frame are ass lg ned to those second communications units to whicT 
corresponding slots of traffic frames are as^Vn^H o ,1 • 
> S operation the s,ots of the signalhng 

c._cat,ons units independent of the corresponding slots of assigned 
traffic frames. The method farther includes the steps of the first 
commumcations unit monitoring activity on the signalling frame of the , im 

acbvity on the signalhng frame with the capacity of the signalling frame 

comm, t ° Perate iD ^ SM ° nd m0de »f "Potion when the 

communions activity exceeds the capacity of the signalling frame 

.5 si^.1, ^ " Communi -tions "-t transmits independent 

s.gnalhng messages i n subsequent slots of the signalling frame when the 

frame. The first communications unit transmits a first sumal „„ . 
Waning s,ot, i.e. a broadcast message slot, to each of the^co n d ^ 



communications units indicating the functional operation of the signalling 
frame Second communications units scan a number of slots in the signalling 
frame to receive signalling information relevant to that particular second 

communications unit. 

In this manner, the functional operation of the signalling resource is 
optimised according to the signalling needs of the time division 
communications system. Advantageously, when the signalling requirements 
exceed the signalling capacity of the communications system, trunking of the 

signalling channel is used. 

A preferred embodiment of the invention will now be described, by way 

of example only, with reference to the drawings. 
Brief Desc ri ption of thg Drawings 

FIG. 1 illustrates a general time division multiplexed communications 
system. 

FIG. 2 is a diagram showing a prior art process of transmitting 

signalling messages. 

FIG. 3 is a diagram showing a signalling frame structure, according to 

a preferred embodiment of the invention. 

FIG. 4 is a flowchart showing options of signalling transmissions in the 
communications system in accordance with the preferred embodiment of the 
invention. 

FIG. 5 is a flowchart showing the signalling operation of the 
communications system in accordance with the preferred embodiment of the 
invention. 

FIG. 6 is a flowchart showing a preferred feature of the signalling 
operation of the communications system in accordance with the preferred 

embodiment of the invention. 

FIG. 7 is a diagram showing a signalling frame structure in accordance 
with a preferred embodiment of the invention. 

Detailed Dp-sfrrintio " of the Drawings 

Referring first to FIG. 1, a general time division multiplexed 
communications system, is shown. The communications system comprises a 
first communications unit 13 communicating frame divided communications 
10 with second communications units 15 and 17. The first communications 
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vu^has a system controller 11 and one second communications unit 15 has a 

TtZl S r Tl 19 ' ^ diVided ,0 comprises a 

number of mult-frames 14 divided into eighteen time frames 12 seven,! t 
winch axe reserved for traffic communications and the eighth frame 
5 reserved for signaling communication. Each traffic JZ^ZZL" 
frame .s divided into four time slots 16, with the stoalwT ? 
for abated signalling f or mobiles ^ ^ 

Zr^T "* 6ither «* ~ * * - caTutreUted 

(not specific to a call but broadcast to all mobiles invoked in callsT^T 

> example of a call related message is a short data messaee rnreZi, 
more mobi.es known to be invoived in a call. An « 
message is notification of an acti ve group call on anothl ^hZ^ 
In operation a second communications unit i * «c oil * 

23^ the s.gnalhng frame independent of the respective slot allocated to the 

accoring to the needs of the communications units communicating on the 
tune dmsion multiplexed communications system 

Referring now to FIG. 2, a diagram of a prior art process of 
transmuting signalling messages, is shown. The diagram shows a four slot 
signing frame, for each of the first four multi-framel CaU rl^ 

to M a /r eSSa8eS St ° red *" re ' ated <*»»• (CRSQs, 35 

lots, e.g. call related signalhng messages from CSRQ 35 are transmits ,„ 

call unrelated s,gnalhng messages are transmitted as shown, from the call 
unrelated signalling queue (CURSQ) 30. 

In operation, a second communications unit era „„i„ . 

t^r;r pe ~ h . * M slot in ^rs^r 

traffic tune frames. In addition, the mobile monitors its allocated slot for 

:~nerjb r the ■ a » 

m^i^^ 

message i.e a subscriber unit allocated to slot one receives signalling 

ZZTZT^T one ' signaIIing message B ' in ^"e g two 

and so on. This approach to associated signalling is wasteful of the 
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bandwidth available as the same information is transmitted in every slot of 
the frame and increases the time delay for mobiles receiving the call 

unrelated messages. 

Referring now to FIG. 3, a diagram of a signalling frame structure, 
according to a preferred embodiment of the invention, is shown. Signalling 
messages on the signalling frame involve either call related messages from a 
queue of call related messages 42 to 45 or call unrelated messages from a 
queue of call unrelated messages 40. The signalling frame occurs on the 
eighteenth frame of the first multi-frame 41 and on every eighteenth frame of 
each multi-frame thereafter. The first multi-frame 41 comprises four time 
slots 20, 21, 22 and 23. 

In operation, mobiles involved in calls on the traffic channel are 
informed via a flag (at least one bit and preferably two bits) on the broadcast 
control channel (BCCH), either the BNCH or the BSCH, that they should 
listen to all four slots of the signalling frame. This configures the eighteenth 
frame as a trunked slow associated control channel (TSACCH). Call 
unrelated messages are now considered to be broadcast to all radios involved 
in calls on that carrier frequency, once the message has been transmitted on 
any of the four slots of the signalling frame. All call unrelated messages to be 
transmitted on the signalling frame are placed in the call unrelated 
signalling queue (CURSQ) 40. Call related signalling messages are placed in 
the call related signalling queues (CRSQ) 42 to 45 for the allocated slot for 
that call. When there are no pending call related signalling messages at the 
head of the CRSQ 42 on a specific slot within the signalling frame, i.e. the 
first time slot 20 of the first multi-frame 41, the message 'A' at the head of 
the CURSQ 40 is transmitted and the transmitted signalling message A is 
sent to the back of the CURSQ 40. At the next slot 21 within the signalling 
frame, where there are no signalling messages in the CRSQ 43 of that slot 21, 
the same procedure is followed, i.e. the signalling message <B> at the head of 
the CURSQ 40 is transmitted and the transmitted signalling message B is 
sent to the back of the CURSQ 40. Consequently, call unrelated signalling 
messages are cycled faster. Advantageously, different information is 
transmitted in every slot making more efficient use of the information 
bandwidth and hence, the time to receive call unrelated message is reduced. 

In a preferred embodiment of the present invention the time division 
multiplexed communications system includes a system controller 11 to 
control the functional operation of the signalling frame dependent upon the 
level of communication activity measured on the signalling frame. The 
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s^alung option in the S^^^*"" ~ * • 
prefixed embodiment 0 f the n ^f 1° r^""" " lth 

•5 options of a time division m^TT ^ Sh ° WS the ^SnaMing 

communications ~ Having . Lt 

information with a pluralitvT^ trafSc Md filing 

frame independenTof^he IIT ^ ' ** " " * 

shown in s£p C^t^ " «" frame, as 

communications unit t„T ««™»«s,ons from the first 

effective* tnl" ^ ^ 3 

frame enters a trunlced SACCH ml ^ ^ ^ «^ 

commu^^~If a / T V ^ °~ - a 

At .east one J^^^T "* * - - step !01. 

frame, independent o^^^Zl^ * *" 
shown in step 102. The louToT ^ " **** fram *. as 

s.ot within the r^zr*^ on 

capacity, as in step 103 If th omtored and compared to the slot 

t-nsmitted e,ceeas tTe "7*** ~ <° 

<-*ed s,ow associated ZZu^J^^ * ~P ^ - 
employed, as shown in step 106 rrT USACCH > "»»*» of operation is 
transmitted does not e*«Jd Te ^.^T* of signalling messages to be 
norma, s.ow «» step 103, a 

employed, as shown ,„ step 10. ^^^^ 
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signalling frame is ^located, the mobile —^"7^" 
by^he transmission of a first signal, as shown in sUp 07, before 

when « capacity of any particular s,ot of the s,gnalUn g frame in 
the communications system is exceeded. 

ZZZZZZZ: has at .east two mod. Ir^stmode of 
, option the slots of the J^^^^^Z^. 

corresponding slots of assigned traffic ^ rf ^ tjme 

division multiplexed comI = . ofthe sign alling frame, 

activity on ^^^f^rgn^ngfLe is then operated in its second 
Tb, , fiinctiona cations activity exceeds the capacity of 
mode «<*^7 > r£ZZ? The first communications unit transmits 
20 a slot within the ^^f^J^^t slo ts ofthe signaUing frame 
independent signalling messages « subseo 

and transmits a first signal on a« ^ the functional 

second communications units. The first signal i 

operation ofthe signalling frame and the respective signalling slot 

25 " d rjge^ 

the whole of the '7^^ of the timing of communications 

Referring «-"^^ ^ acMrdance „«h a preferred 
within the commun, cations sy stem ^ ^ 

embodiment of the — ^^X queue ( CRSQ) monitored, as in step 
the status ofthe call rela ted ^ ^ related mess age is 
122. If a message exists » *e CRSQ f s^P . ^ ^ ^ 

3 5 tra— as ; hown = ^ ™ „ ^ proccss ret urns to step 
as in st«p 133 e.g. if ™° particular slot the process stops, as 

X22. If there ,s no in thc C RSQ of step 120, the 

shown in step 134. If a message ao« 



-9- 



30 



35 



5 ~ yin,hes,ot - in ^;^r s : b :rr f 30 - ifth -*~ 

process returns to step 122. If there Lo m „ ^ ta USe * «» 

-tot the process stops, as shown in step iL "™ f< " *« Particular 

the CURSQ of step sign ^n^- Ifa »— * not exist in 

i Particular slot, as shown in J™ " t ™»*W *>r that 

Referring now to FIT 1 « *i 
falling operafcon of the col^I^ " " »f the 

Preferred embodiment ceaZZZST?™'" * ™* the 

™ ana the status of the call ~ — «• - step 

»step 15 2. !fa message exists in tle^ZTl (CRS « stored, a! 
1 5 message is transmitted, as shown in stT^ ^ 152 ' ««ated 
whether the slot is the ,ast L hTfranfaa „' ^ ^ ^ 
does not exist in the CRSQ of step^T 17° * *" ^ If • —age 
-gnalUngoueue (CURS Q " is moored " ** 0311 — 

» the CURSQ of step 156 anlgltmT '"^ "* "»«- 
° "-»•• «- Emission from thfcX !° "** * ^ ne * 
algorithm is defined as- Q ' Shown in step 158. The 

l*SLOT. 1)modulus(Ien 

ihe algorithm rotate th~ • 
shown in more detail in ^ TZT^^ *" '"—on, as 
"umber for which the tr»n omi ' .."^7™ SU)T " the 

current slof 

checks whether the s,ot is 2Z2 t *7 ^ ~ 

message does not exist in the C^tf^Se" * ^ ^ 

transmuted for that particular slot as sh„™ ^ S,gnaUin « message is 
moves to step 162. If the ^Z 'Z^Z'l T "° *" d ^ ™ «*» 
frame, as in step 162 , ^ head of the ™^. iaS °" e in falling 
queue, as shown in step 164 and then Q * the ba * <* the 

next signalhng frame JLui ^p a"" " *■ 
-calling frame, as in step 162 the IT ' " last °"e in the 

*own in step 166. P ' t " nm Sto P s ** *at particular slot, as 

Advantageously, the method of Fir « 
"Pablo of scanning the whole of the s^ZZ^ * «™ - 

eventually see all of the call unrelat^^ ^ ***** 

unrelated messages, but there is a distinct 
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• whole of the signalling frame in that they 

vantage to, mobiles ^*^° s ^.Taemonstrated in FIG. 7. 
will see all messages earlier r ci „ alUne frame structure in accordance 

TO. 7 is a diagram detailed in FIG. 6. This 

* * P refOT * d hlbl fwhTcall unrelated signalling messages 

method is particularly messagcs on the signalling frame 

exceed the signalling capacity. Signing . ^ s g2 

involve either call related messages from a ^eueo ^ ^ 

to 65 or caU unrelated "frame of the first multi-frame 

The signing frame occurs on ^ multi . 

14 and on every eighteenth frameof each multi 

frame 4! comprises ^ -«-»^^ channel are 

In operation, ^^NCH or the BSCH) that they 

informed via a flag on the BCCH le.t ^ th e eighteenth 

should listen to all of the signalling frame. Tto 
frame as a trunked slow associate con*o> channe ^ 
unrelated messages --^^ unrelated messages to be 
jn calls on that earner *^^f jf ^ in the call unrelated 
transmitted on ^^Z^ signaUing measages are placed in 
signalling queue (CURSQ) 60. l. part icular slot for 

the caU related stalling ^ signalUn g messages at the 

that call. When there are no pending ca , u framei j. c . the First 

head of the CRSQ on a specific slot witni , ti . fr!ime 41 with 

time slot 20 of the eighteenth f~me <, *« rf ^ cmsQ 60 

associated <™«£Z£%%£». signalling frame, where there 
5 is transmitted. At the next slot / ^ ^ ^ ^ message 

are no signalling messages in to CRSQ ^ ^ ^ ^ rf 

in the CUBSQ 60 is ^continues until the last 

the CURSQ 60 is transmitted. Tins pro g0 . e 

0 signalling message A in r 1a-»- ' > 1 f 

messages, hut there - ^ messagcs earU er than 

signalling frame, in that they wi ^ 
35 mobiles who can not scan all of the sign 6 from 
In a preferred feature of th £-«t m ^ ^ 

the CRSQ of another slot are ^ on ^ priority basis 

transmit call related signals of another slot 



or on a queue loadW basic i~ 

Such enhancement, rely „„ aII mobiC b^o accordingly. 
5 ^ ' ngabletOSCMa « °f the signalling 

^ system and mobile communf^ „„T M ~tions between 
-nmunications from mobile IT**' «* -»U* 

" frames, slots and sub-slots are d^ZT, 7* *° *• «»*"». Time 
1« Preferred embodiment^n! * manner ' 

the aspects to the preferred embodiment at eo„ , th < «f 

ate communications system, wherein a 1 ? , " « a multi- 

throughout the communications si*s is^l , ° f «^ source 
Pnonty of the signailing messages! ^T ^ " eP<!ndem U P°° 

SWt - « -ithin the uj^££r*»* the multi- 

A TDM communications sysfcm^tT r* 6 * W«» 
Provides frame divided communal , ^ dMCribed «"* 
t-ffic frame is al.ocated to a " * S ' M ° f ^h 

~ng frame is provided. tZ^HT^^ «* * which a 
«*e slots of the signalling frame are Tl^ , " int ° s ^ and 

subscriber units other than *e cTnlT * ^ * Ch *™°<° ° r 
-responding traffic siots Je ai^ " 

structure for a time division multiplexed c l " """^ * ^ 
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Claims 
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15 



20 



■ ■ Wtiolexed communications system comprising time 
!. A time division mu ^P leXed sij _ alling frames, wherein a 

j . • j j • frk t ra ffic frames and signanui& 
frames divided into traffic ir tive slot in a traffic frame, and is 

allocated in the traffic frame. 

• • m „lti»lexed communications system of claim 1 
2 . The time d>vis,on multin ^ operation of . 

further comprising a <*T°*£^ M „ and is dependent upon 
signalling frame is controUed b ^^ sured on the signalling frame, 
the level of communication activity measure 

and wherein » a first «~*^ „ which responding slots of 
assigned to those "^^"V nd mode „f operation the slots of the 
traffic frames are «*f dl "* MMUn ications units independent of 

signalling frame are assigned to those co 
corresponding slots of assigned traffic frame,. 

, The time division ^J^^C^^ 

operational mode of the signalling frame. 

• • m „ltimexed communications system of any of the 
5 . The time ^^^^s system is a Trans European 
preceding claims wherein the comm ^ eighteenth frame of the 

Trunked Radio system, a signalling broadc ast messages are 

channel (BNCH). 
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15 
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25 



traffic and failing i„f„ m ~ t h a" "T"**** *«» divided 
s -it. the method comprising y ° f SMOnd "—cations 

locating a dot in a signallin ^ mmumcah on s unit, and 
slot located in the t^c f^^Z^ ^ «*» 
«* to a second .^^TiT *" ** 

tcirdeiir : herein * 

falling frame has at .east ^ZZ™' fca * ta »' <*««« of the 
slots of the signal fra«e are JjZtT* " * ** mod * ° f ~on 
™»* to which corresponding slo ts o^l ^ ^ ""^cations 
—d mode of option ^t££££T ™ Md * * 

«cond conjunctions units independent * 
<™*c fran.es, the method to h er ZX^T"^ ^ 

monitoring signalling activity on 27 , ** 
communications system by a d ' Vision """tiplexed 

comparing a ,ev"'of s,^r C ° mmUnicati °- «*. 

of s,gna>hng act Mty ^ . signaUjng ^ 

adapting signalling format to th« o 



35 



t- Jt;;ir P eret^r: - - 7 - - of 

^aihng frame b y a flrst co^TC uT "~ * * 

communications unit to each s,Zd 1 " g S,< " *°» a fir *t 
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• Wline information relevant to the second 
in order to receive signalling mio 

communications unit. 

a- « claims 6 to 10 wherein a single queue of 
u . The method according to claims ^ 

priority of signalling messages. 
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